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Methods: Conﬂuent MSCs from 6 OA patients and 6 controls were
trypsinized, counted, and then washed once by centrifugation. Chemo-
taxis responses were measured using 24-well cell-culture chambers
(Transwell® Permeable Supports; Corning, NY), with inserts of 6.5-mm-
diameter and 8-mm pore polycarbonate membranes. Cells (2×104) in
0.1ml DMEM were seeded on the upper chambers and incubated for
2 hour at 37 ºC in 5% CO2 to allow cell attachment and spreading.
After the cells had attached to the Transwell® membranes, 0.6ml culture
medium containing 1 ng/ml rhPDGF-BB (R&D Systems Inc.) was added
to the lower compartment. Following 4 h of incubation at the same tem-
perature, the cells on the upper surface of the membrane were removed
with a cotton swab, and the remaining migrated cells on the lower side
of the ﬁlter were ﬁxed with 4% formaldehyde and stained with crystal
violet. Control wells with only DMEM in the bottom well were included in
each experiment. All measurements were from at least six independent
experiments performed in triplicate.
The number of migrated cells in the control and stimulated wells was
counted for 10 random ﬁelds per well at 100× magniﬁcation. Results
were expressed as a chemotactic index (CI). This index was determined
as the average number of migrated cells in stimulated wells divided by the
average number of migrated cells in control wells. Data were statistically
analysed with the Mann-Whitney U test for comparison of the two groups.
Results are presented as means±standard deviation. A value of P< 0.05
was considered statistically signiﬁcant.
Results: rhPDGF-BB (1 ng/ml) added to the bottom compartment of the
Transwell insert caused a signiﬁcant increase in migrating MSCs from
patients with OA compared to controls (CI: 5.13±1.19 vs. 3.35±0.42,
p = 0.043). When identical amounts of rhPDGF-BB were simultaneously
added to the both the upper and the lower compartments, the cell
migration of MSC remained unchanged.
Conclusions: These data could indicate an activation of MSCs from bone
marrow in OA in response to permanent signals sent by the bone and
cartilage damage characteristic of this disease.
486 THE PRESENCE OF A CALCIFIED INTERFACE
STRENGTHENS TISSUE ENGINEERED
CARTILAGE-SUBSTRATE INTERFACIAL SHEAR STRENGTH
J-P. St. Pierre, L. Gan, J. Wang, R.M. Pilliar, R.A. Kandel, M. Grynpas.
Mount Sinai Hospital, Toronto, ON, CANADA
Purpose: To design tissue engineered cartilage with improved attach-
ment to a porous calcium polyphosphate (CPP) bone substitute (biphasic
construct) by the formation of a zone of calciﬁed cartilage (ZCC) at the
cartilage-CPP interface zone.
Methods: Cartilage-CPP biphasic implants were formed by seeding
chondrocytes isolated from the deep-zone of bovine articular cartilage
onto the top surface of porous CPP substrates coated with a thin sol-
gel-formed hydroxyapatite ﬁlm. The cells were grown in Ham’s F12
containing 20% FBS in the absence or presence of b-glycerophosphate
supplementation to induce mineralization. After 8 weeks, tissues were
harvested and examined histologically, biochemically, by RT-PCR for gene
expression and for the shear properties of the interface between cartilage
and the substrate using a speciﬁcally designed shear test apparatus.
Results: Histological sections stained with toluidine blue and von
Kossa demonstrated cartilage tissue with a thin ZCC when cultured
in mineralization-inducing media. The ZCC was localized in the tissue
directly above the substrate, mimicking osteochondral zonal organization.
The mineral formed in cartilage in vitro under these conditions has similar
composition and crystal size to that present in the ZCC of native cartilage.
Conversely, no calciﬁcation was observed in cartilage formed in the ab-
sence of b-glycerophosphate. Collagen and glycosaminoglycan contents
were similar for tissues with and without a calciﬁed zone. Expression
levels of cartilage extracellular matrix genes including collagen type II
and type X were not affected by the generation of a ZCC. Interestingly,
the shear stiffness of the interface was increased by 2-fold in the tissue
engineered cartilage with a ZCC compared to cartilage without a ZZC.
This was associated with 240% improvement in the peak shear load
and in 340% increase in energy to failure measurements. The maximal
displacement prior to failure was similar in both tissues.
Conclusions: This study demonstrates a signiﬁcant increase in interfacial
shear properties of biphasic cartilage constructs by mimicking the zonal
organization of articular cartilage by generating a ZCC at the tissue/bone
substitute interface. Generating biphasic cartilage constructs with a cal-
ciﬁed cartilage interface will be critical for the clinical success of biphasic
constructs used to repair larger joint defects.
487 THE EFFECT OF LOW-INTENSITY PULSED ULTRASOUND
FOR FORMING OF SCAFFOLD-FREE CARTILAGE TISSUE
IN VITRO
K. Uenaka, S. Imai, K. Ando, S. Shioji, Y. Matsusue. Department of
Orthopaedic Surgery, Shiga University of Medical Science, Otsu, Shiga,
JAPAN
Purpose: The aim of this study is to evaluate the effect of low-intensity
pulsed ultrasound (LIPUS) for forming of scaffold-free cartilage in vitro
culture.
Methods: Chondrocytes were collected from articular cartilage of Wis-
tar rats. For acquirement the number of cells, the collected primary
chondrocytes (passage 0) were cultured up to subconﬂuent in 500 cm2
square dishes. The cells were then condensed to the density at 107
cells/cm2 (passage 1) on synthetic membranes. The LIPUS application
group was stimulated by LIPUS for 20min/day. The mode of the applied
ultrasound is a 200ms burst sine wave of 1.5MHz repeating at 1 kHz with
an intensity of 30mW/cm2. To investigate effect LIPUS stimulation on
the matrix-synthesis of the tissues, mRNA expression of type II collagen
(col2), aggrecan and type I collagen (col1) was studied using real-time
polymerase chain reaction. Synthesis of type II collagen and proteoglycan
was also assessed histochemically in 4weeks culture.
Results: In our previous study, we presented that high-density culture
with P1 chondrocytes more than 106 cells/cm2 could form a cell mass as
scaffold-free cartilage tissue under existing cell-cell interactions.
In this way, the chondrocytes prepared at 107 cells/cm2 automatically
detached from the membranes to form a mass of chondrocytes around
the third day of starting P1 culture. After forming the mass, they were
moved to simple 6 well dishes for oxygen and nutrition diffusion. The
expression of col2 and aggrecan mRNA was signiﬁcantly higher in the
group by stimulation of LIPUS than the group by no stimulation.
The resultant scaffold-free cartilage like tissues formed via cell conden-
sation at 107cells/cm2 grew in thickness until the 7th day of P1 culture.
They grew in size until the 14th day of P1 culture.
The tissues were stained strongly with safranin O, and there were partially
columnar pattern. Immunohistochemical analysis revealed that typeIIcol-
lagen was abundantly deposited in the tissues. Moreover with toluidine
blue staining, there was a metachromatic matrix in them. Respectively,
LIPUS stimulation group was more strongly stained than the control
group.
Conclusions: The chondrocytes of P1 cells prepared at 107 cells/cm2
developed into scaffold-free cartilage like tissue under existing cell-cell
interactions. As a result of application of LIPUS, we could form scaffold-
free cartilage like tissues which were similar to native cartilage.
488 BONE-MARROW-DERIVED CELLS (BMDCS) ONE STEP
REPAIR PROCEDURE (“ONE STEP”) VERSUS AUTOLOGOUS
CHONDROCYTE IMPLANTATION (ACI) IN SURGICAL
TREATMENT OF OSTEOCHONDRAL LESIONS OF THE
TALUS: A COMPARATIVE HISTOLOGICAL STUDY
S. Giannini, R. Buda, B. Grigolo, F. Vannini, M. Cavallo. University of
Bologna, Bologna, ITALY
Purpose: Osteochondral lesions of the talus are frequent occurrences
in young active patients. Various surgical options have been proposed
over time in order to restore a continuous and adequate cartilaginous
layer at the lesion site. Among them, only mosaicplasty and Autologous
Chondrocyte Implantation (ACI) were capable, up to now, to restore
hyaline cartilage at the lesion site, although major disadvantages of these
techniques have been widely described. These considerations leaded in
search of new methods for cartilage repair and recently the use of Bone
Marrow-Derived Cells (BMDCs) was indicated as a reliable alternative
for the treatment of articular cartilage defects. The aim of this study
was to verify the ability of an original technique based upon BMDCs
to regenerate hyaline articular cartilage, and to compare the clinical and
histological results with them obtained after ACI.
Methods: From October 2005 to April 2008, 50 patients affected by
osteochondral lesions of the talus >1.5 cm2 underwent a new arthroscopic
“One Step” procedure by using bone marrow harvested from the iliac
crest, directly concentrated in Operatory Room and seeded on a scaffold
with the addition of Platelet-Rich-Fibrin (PRF).
Patients evaluation included clinical AOFAS score, X-Rays, MRI preop-
eratively and at different established follow-up. A series of 46 patients
operated by ACI procedure and comparable for age and lesion types was
used as control group. At 12 months follow up after “One Step” procedure,
an arthroscopic second look and a biopsy of the regenerated cartilage
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was performed in the ﬁrst 4 cases. Cartilage samples of 4 patients of the
ACI group at the same follow-up were used as control group.
Results: Before surgery the mean AOFAS score was 60.4±13.1 in “One
Step” group and 57.2±14.3 in ACI, while it was 83.8±8.6 at 12 months
follow-up in “One Step” group (39 patients) and 86.8±13.4 in ACI. Both
the group improved after surgery with similar patterns (p< 0.005) and
no differences were found in comparing the results. The histological
evaluation of the biopsy cartilage samples regenerated with both the
techniques highlighted various degrees of tissue-remodeling. An initial
columnarization of the chondrocytes was observed in the deep layers
in all the samples analyzed and collagen type II was positive in the
extracelluar matrix. In general, the cartilagineous structure was more
organized in the “One Step” group compared to control.
Conclusions: ACI have proved to be able to provide a repair tissue which
closely approximates the characteristics of the original one. Nevertheless,
the need of two surgeries and the high costs due to cell expansion are
to be considered major disadvantages of the technique. “One Step” pro-
cedure have proved to be capable to overcome the drawbacks previously
described, since BMDCs are concentrated directly in the OR during the
procedure, saving costs, time and morbidity. Furthermore, the clinical
results obtained with BMDCs were comparable to that obtained with
ACI and the tissues analyzed histochemically and immunohistochemi-
cally showed the formation of newly-regenerated structures with earlier
organization toward hyaline cartilage. Further follow up are necessary
to conﬁrm these results, but “One Step” technique may represent an
important advancing in the state or the art of cartilage regeneration.
489 EVALUATION OF THE CRYOPROTECTIVE EFFICACY OF
COMBINATIONS OF DIMETHYLSULFOXIDE, GLYCEROL AND
ARBUTIN IN HUMAN TIBIAL PLATEAUS
S.C. Rosa1, J. Gonc¸alves1, F. Judas2, M.C. Lopes1, A.F. Mendes1.
1Faculty of Pharmacy and Center for Neurosciences and Cell Biology,
University of Coimbra, Coimbra, PORTUGAL, 2Faculty of Medicine and
University Hospital of Coimbra, Coimbra, PORTUGAL
Purpose: The performance of transplanted osteochondral allografts is
proportional to their content of living chondrocytes. Therefore, developing
methods of cryopreservation that can sustain chondrocyte survival is
a major goal for the effective use of allograft cartilage in repairing
cartilage lesions. Our previous studies showed that arbutin is more
effective in protecting articular chondrocytes from the damaging effects of
freeze/thawing than the classical cryoprotective agents (CPA), dimethyl-
sulfoxide (DMSO) and glycerol. To identify conditions more effective,
this study evaluated the cryoprotective efﬁcacy of combinations of those
CPA with arbutin, using human tibial plateaus as a model of large
osteochondral pieces.
Methods: Tibial plateaus were harvested from multi-organ donors within
24 hours of death, in strictly aseptic conditions according to the standards
of the Tissue and Bone Bank of the University Hospital of Coimbra,
Portugal, and the Portuguese Transplantation Organization. The lateral
and medial tibial plateaus from each donor were incubated in Ham F-12
Nutrient Mixture with or without the following combinations: 2.5% CPAs
(DMSO and glycerol)/50mM arbutin, 2.5% CPAs/100mM arbutin, 5%
CPAs/50mM arbutin and 5% CPAs/100mM arbutin, for 1 h 30 minutes
at 37ºC and then frozen at −20ºC/24 h. After the initial cooling, the
osteochondral pieces were transferred to a biofreezer at −80ºC. Thawing
was achieved by immersion in Ham F-12 nutrient mixture at 37ºC for
1 h. Chondrocyte viability was assessed in situ by a modiﬁcation of the
MTT reduction assay and by ﬂuorescence microscopy of cryostat sec-
tions stained with Calcein AM and Propidium Iodide. Where applicable,
statistical analysis was performed using the Student’s t test. Results were
considered signiﬁcant for P < 0.05.
Results: Chondrocyte viability in the osteochondral pieces before freez-
ing was identical in all the conditions tested. After freeze/thawing,
chondrocyte viability in tibial plateaus frozen without exposure to the
CPAs/arbutin combinations was only 12.2%±1.7 of that in fresh cartilage,
whereas it was approximately two fold higher in those pieces treated with
2.5% CPAs/50mM arbutin (25.7%±3.2) or with 5% CPAs/100mM arbutin
(23.9%±3.2). Fluorescence microscopy conﬁrmed these results.
Conclusions: The cryoprotection afforded by the combinations of CPAs
with arbutin, is lower than that previously observed with the use of
arbutin alone (~34% with 50mM arbutin), but higher than with either
10% DMSO or 10% glycerol alone. Arbutin, alone or in combination
with other CPAs, seems promising as a cryoprotective agent for allograft
cartilage. Changing other conditions, namely the freezing temperature,
may increase arbutin efﬁcacy.
490 CLINICAL AND HISTOLOGICAL EVALUATION OF SYNTHETIC
SCAFFOLD RESURFACING IN THE KNEE: ONE YEAR
RESULTS
F. Sciarretta, P. Versari, A. Basile, A. Ruo, E. Di Cave. Jewish Hospital
of Rome, Rome, ITALY
Purpose: Synthetic resorbable scaffolds are a new reality in the treatment
of degree III-IV chondral and osteochondral symptomatic defects of the
knee. Goal of this work has been the evaluation of clinical and histological
results obtained by the implantation of preformed synthetic resorbable
scaffolds.
Methods: 73 consecutive patients (58 women, 15 men) who underwent
implantation of synthetic resorbable scaffolds, of various diameters, com-
posed of poly(DL-lactide-co-glycolide). Average age at time of surgery
was 53 years (range 27−65 years). Of these 13 patients underwent
second look arthroscopy at one year in order to determine integration
of the plugs, ﬁll of the defects and quality of tissue formation.
Results: Clinical and functional outcome was evaluated with the IKDC
and WOMAC forms. IKDC evaluation showed an improvement of 38
points. WOMAC scores showed 89% improvement of pain and 86% im-
provement of function. Patients have also been controlled by serial knee
MRI’s that have shown progressive integration on bone plugs in absence
of adverse reactions. Second-look arthroscopies showed complete ﬁlling
and resurfacing of the defects with hyaline-like cartilage.
Conclusions: Synthetic resorbable scaffold resurfacing provides good
short term clinical results in the treatment of chondral and osteochondral
defects of the knee less than 2.5 square centimeters in size. Patients
experience an immediate pain relief and functional recovery, being quickly
able to move back to previous daily and sport activities. These preliminary
results highlight the need for further controlled, clinical, radiologic and
histological studies currently underway.
491 EFFECT OF CYCLIC TENSILE LOAD ON THE REGULATION
OF THE EXPRESSION OF MATRIX METALLOPROTEASES
(MMPS-1, -3) AND STRCTURAL COMPONENTS IN SYNOVIAL
CELLS
E. Raif II. University of Leeds, Leeds, UNITED KINGDOM
Purpose: Following anterior cruciate ligament (ACL) reconstruction with
synthetic scaffold, ﬁbrous tissue from the synovial membrane invades the
implant and proliferates within its structure forming a reactive tissue that
matures to cover the artiﬁcial ligament. During this stage the mechanical
loads acting along the implant are also propagated through the new
tissue, causing reorganisation and re-alignment of collagen ﬁbres, and
reduction of cell number. Both tissue maturation and remodelling are
only observed when the implant is taut in vivo: leading to daily mechanical
loading of the new tissue. Conversely if the implant is slack, newly formed
tissue remains immature and highly cellular with no organisation of the
ﬁbres. In our previous histological studies the application of cyclic tensile
strain (1 to 5%) for 1 hr/day for 9 weeks showed that (i) the larger the
amplitude the greater the coverage of the scaffold with synovial cells
and Extracellular matrix (ECM) (ii) the random arrangement of collagen
ﬁbers becomes well organised and oriented in the direction of strain. The
present in vitro study was designed to investigate the effect of mechanical
strain on the remodelling process of tissue induced around scaffolds used
for ACL reconstruction.
Methods: The scaffolds were seeded with synovial cells and left in culture
until completely covered, with a layer of cells and ECM. Constructs were
subjected to cyclic tensile strain (5% for 1 hr at 1Hz) and changes in
the levels of expression of genes for major ligament components (type I
and III collagen) and also metalloproteinases (MMP-1 and MMP-3), and
TIMP-1 were examined using RT-PCR. Additionally MMP activities were
measured using both zymography and collagenase assays.
Results: Cyclic tensile strain of 5% induced up-regulation of the ex-
pression of MMP-3 in synovial cells by almost three fold compared to
the unloaded control group (Fig 1). No differences were observed in
other transcripts. Furthermore, casein zymography (Fig 2) disclosed a
predominant 59 kD form in loaded implants, suggesting an increase in
activity of the glycosylated form of stromelysin (MMP-3). Three other less
active stromelysin forms (63 kD, 56 kD and 54 kD) were barley detectable
in both the loaded and control groups. Cyclic tensile strain did not alter
the activity of MMP-1.
Conclusions: Whether and in what fashion MMP-3 is involved in the
process of tissue remodelling, still remains unclear. However on view of
previous studies we hypothesise that the increase in MMP-3 synthesis
and activity by synovial cells under cyclic tensile strain may be related to
